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Abstract 16 
Individuals often display a preference for one side of their body during aggressive encounters. This 17 
may be a lateralised preference for using one structure of a bilateral trait during display or physical 18 
attack, or for keeping the opponent in one visual field. Alternatively, it may be the case that 19 
behavioural lateralisation and the degree of symmetry expressed by bilateral structures are 20 
correlated forms of developmental instability. We examined whether there was an association 21 
between lateralisation during a lateral display and different measurements of antler size and 22 
symmetry (beam length, beam circumference, brow tine length and coronet circumference). Three 23 
models addressed different structural measures: the right antler, the larger antler and antler 24 
symmetry. Results showed that beam length was negatively associated with behavioural 25 
lateralisation irrespective of structural measure. A second analysis using a composite score of the 26 
four antler measurements, one for each structural measure, showed that only antler symmetry was 27 
negatively associated with lateralisation during lateral display. Therefore, our second predication 28 
was supported. We discuss these findings in relation to predator detection capability and stress 29 
reduction in prey species such as the fallow deer. 30 
 31 
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Introduction  34 
During contests, competing individuals often engage in a simultaneous lateral presentation of their 35 
body profiles (e.g. Clutton-Brock & Albon 1979; di Marco & Hanlon 1997; Neat et al. 1998a; Jennings 36 
et al. 2003). One interpretation of this behaviour is that it is a ritualised act, permitting both 37 
contestants visually estimate the competitive quality of their opponent at close quarters. Thus, 38 
lateral display behaviour may permit the weaker individual to withdraw before engaging in fighting 39 
(Parker 1974; Enquist & Leimar 1983; Payne & Pagel 1997). This is important because fighting 40 
imposes a range of costs such as time and energy on the contestants, whilst also increasing the 41 
potential of incurring serious injuries (e.g. Wilkinson & Shank 1976; Drews 1996; Neat et al. 1998b; 42 
Briffa & Elwood 2001). Avoiding or minimising these costs should prove beneficial to both 43 
contestants; thus, lateral display of the body and weapons may permit individuals to coordinate 44 
their actions thereby lowering the cost of aggression – an idea that has been incorporated into game 45 
theory models of contest behaviour (e.g. Enquist & Leimar 1983).  46 
 Consistent with the idea that individuals seek to coordinate the behaviour during contests, 47 
there is evidence that individuals display lateralised eye preferences during aggressive encounters 48 
(e.g. Hews & Worthington 2001; Hews et al. 2004; Reddon & Hurd 2008, Arnott et al. 2011; Jennings 49 
2012; Austin & Rogers 2012, 2014). This lateralised eye preference reflects hemispheric 50 
specialisation in the brain that is known to influence behaviour in a range of tasks (Rogers et al. 51 
2013). For example, lateralised domestic chicks perform better on simultaneously presented tasks 52 
processed by the different brain hemispheres – grain pecking and predator avoidance - than non-53 
lateralised chicks (Rogers et al. 2004, see also Dadda & Bisazza 2006 for an example in fish). With 54 
respect to animal contests, there is a population level preference for one visual field during lateral 55 
display (Arnott et al. 2011; Jennings 2012). Moreover, male fallow deer that exhibit this lateralised 56 
eye preference are less likely to be targeted following third-party intervention of fights than less 57 
lateralised individuals (Jennings 2014). Being targeted following intervention in the fallow deer is 58 
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highly likely to result in defeat, with a consequent loss in dominance rank likely to negatively impact 59 
mating success (Jennings et al. 2009, 2014).   60 
Theoretical consideration of lateralised behaviour has sought to discriminate between the 61 
evolution of lateralisation at the individual level and at the population level. Whilst lateralisation 62 
might evolve at an individual level because it confers advantages in terms of processing efficiency by 63 
avoiding duplication across hemispheres (e.g. Rogers et al. 2004), it is less clear why directional 64 
asymmetries would evolve at the population level (Vallortigara 2006). Nevertheless, one argument 65 
holds that population-level biases may have evolved because it permits asymmetric individuals to 66 
coordinate their behaviour with other asymmetric group members (Ghirlanda & Vallortigara 2004; 67 
Ghirlanda et al. 2009; Abrams & Panaggio 2012). In support of this approach, turning preferences in 68 
response to a predator were compared in solitary and social fish species (Vallortigara & Bisazza 69 
2002): solitary species showed only individual level lateralisation whereas social species showed 70 
lateralisation at the population level. Based on these findings it is clear that lateralisation at the 71 
individual level differs from that at the population level (Vallortigara 2006). In terms of the present 72 
study, where we address the association between lateralisation during lateral display at the 73 
individual level and antler structure at both the individual and population level, this distinction is 74 
important.  75 
The question as to why individuals vary in the degree to which they are lateralised remains 76 
to be answered (Rogers & Andrew 2002; Dadda & Bisazza 2016). Nevertheless, one theory has 77 
suggested that lateralisation in brain and behaviour represents a form of developmental instability 78 
(DI, Yeo et al. 1993). Importantly, this theory argues that lateralisation is associated with other forms 79 
of DI such as fluctuating asymmetry (FA, Yeo et al. 1997). FA is the non-significant, random 80 
difference in size observed between bilateral structures (Møller & Swaddle 1997). It is considered a 81 
form of DI because each side of a bilateral trait represents an independent replicate of the same 82 
developmental event under genetic or environmental stress during development (Møller & Swaddle 83 
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1997; Gangestad & Thornhill 1999). Further, FA occurs to a greater degree in secondary sexual traits 84 
as the production of such traits is costlier and, therefore, more condition dependent than that of 85 
other traits (Møller & Pomiankowski, 1993; Swaddle, 1996; but see Bjorksten et al., 2000). The 86 
antlers of deer are such a trait because they are costly to produce (Jennings & Gammell 2013), and 87 
have dual functions as weapons and as organs of display (Lincoln, 1992; Berglund et al., 1996, but 88 
see Jennings et al. 2002). Nevertheless, while there is some evidence that lateralised cognitive tasks 89 
in human subjects are associated with FA (e.g. Yeo et al. 1997, see also Furlow et al. 1997), we are 90 
unaware of any studies that investigate the relationship between behavioural lateralisation and FA. 91 
Therefore, one aim of this study is to explore this question with respect to lateralisation during 92 
lateral display and asymmetry in the antlers of the European fallow deer 93 
While there have been numerous arguments surrounding the role that FA plays in the study 94 
of behaviour (e.g. Møller & Swaddle 1997; Rohde et al. 1997; Simmons et al. 1999), many species fail 95 
to show a preference for displaying their symmetry in aggressive or reproductive signalling (e.g. 96 
Jennings et al. 2002; Polak & Stillabower 2004). On the contrary, individuals often display a side 97 
preference when signalling their quality; for example, male poeciliid fish show a preference for their 98 
more colourful body side during courtship (Gross et al. 2007), while male swordtails show a 99 
preference to display their less damaged side to females (Amcoff et al. 2009). In theoretical terms, a 100 
population level side-bias can be stable (Ghirlanda et al. 2009); with respect to fallow deer, a right-101 
sided bias in antler size and structure has been reported (e.g. Alvarez 1995, Pélabon & Joly 2000, but 102 
see Putman et al. 2000, Pélabon & van Breukelen 1998). The directional nature of this bias appears 103 
to manifest itself in a form of structural or side-biased lateralisation where there is a preference for 104 
the use of the more developed or larger right antler during fighting (Alvarez 1995). Moreover, 105 
despite limited study of the question, lateralised eye-use is associated with morphological characters 106 
in agonistic encounters between male fighting fish (Takeuchi et al. 2010). Given that there is a 107 
population level right-eye bias during lateral display in the fallow deer (Jennings 2012), it may be 108 
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that there is a relationship between lateralisation and antler side or size at the individual level. A 109 
second objective of this study was to investigate this possibility.  110 
Male fallow deer cast and re-grow their antlers annually; some weeks prior to the onset of 111 
the rut, males shed the antler velvet – an indication that antler growth has ended. Once shed, 112 
incidences of agonistic behaviour gradually increase, and peak during the rut as males compete for 113 
reproductive opportunities (Clutton-Brock et al. 1988; Moore et al. 1995). The agonistic repertoire of 114 
ungulates incorporates a number of different forms of behavioural acts consisting of non-contact 115 
displacements including parallel walking to fighting (Jennings & Gammell 2013). During parallel 116 
walks, males align head-to-head and walk in a highly stereotyped manner side-by-side often 117 
adopting a stiff legged gait (Clutton-Brock & Albon 1979; Alvarez 1993; Jennings et al. 2003; Bartoš 118 
et al. 2007) and a population level preference for the right-eye is shown (Jennings 2012). Although 119 
lateralisation during lateral display (e.g. Arnott et al. 2011) also facilitates a display of the individual’s 120 
weaponry (e.g. Alvarez 1993) the relationship between the two has not been investigated: the 121 
present study seeks to redress this omission.    122 
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Methods 123 
 124 
Population and study site: The study was conducted on a herd of free-ranging European fallow deer 125 
in Phoenix Park, Dublin (Ireland). Fawns are tagged shortly after birth during June-July with unique 126 
coloured and numbered ear tags. There were approximately 394 and 349 females aged over one 127 
year of age during the study period. Mature males, aged four years and older, were identified by a 128 
combination of coat colour, antler conformation and ear tag.   129 
 130 
Antler collection and measurement: Antlers were collected in Spring during two antler casting 131 
seasons. Each morning a search of the males’ night-time range was carried out, and then various 132 
bachelor groups were kept under observation until dusk. All collected antlers could be identified as 133 
belonging to a particular animal based on (i) unique antler shape (ii) daily records of each animal’s 134 
casting date for both antlers and (iii) video recordings and photographs of males taken prior to 135 
casting. 136 
 We took a number of measurements from pairs of antlers to the nearest millimetre using a 137 
soft measuring tape (1996: N = 23; 1997: N = 33; 1998: N = 35): brow tine length, beam length, beam 138 
circumference, total antler length, coronet circumference (see Figure 1). In order to examine any 139 
changes in antler size or symmetry over years, we initially compared the antlers of the same mature 140 
individuals (i.e. four years of age or older) from successive casting seasons (N = 20). Because antlers 141 
are functional weapons, we often encountered a breakage that prevented us from making an 142 
accurate measurement; when this occurred the individual was excluded from the statistical analyses 143 
for that measurement (accounting for differences in the df reported). Following these analyses, we 144 
investigated lateralised behaviour during parallel walks and antler size/symmetry to test the 145 
objectives of this study (see below for further details).  146 
 147 
Figure 1 about here 148 
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 149 
Parallel walking and lateralisation: The protocol for estimating lateralised behaviour during lateral 150 
displays are reported in detail elsewhere (Jennings 2012). Briefly, fights (N = 170) between mature 151 
males were recorded on video during two consecutive ruts and analysed using the Observer 152 
software (Noldus Information Technology, Wageningen, The Netherlands). From these fights, the 153 
following data were extracted: the identity of the contestants, whether a parallel walk occurred, the 154 
flank presented during parallel walk, and the identity of the individual that terminated the parallel 155 
walk. Once the data were extracted a laterality index (LI) was calculated for the number of parallel 156 
walks terminated (LI: right-left / right + left, Jennings 2012).  157 
 158 
Dominance rank. From the time that males shed the velvet from their antlers in late August, we 159 
recorded competitive interactions in the population using all-event methods (Altmann 1974). The 160 
dominance rank of each male was determined on the basis of the outcome of all decisively resolved 161 
contests recorded prior to matings being observed (i.e. a pre-rut rank, see Jennings et al. 2006). We 162 
estimated the dominance rank using David’s score (DS, David 1987), a ranking methodology that 163 
takes the relative strengths of encountered opponents into account, and that has been shown to be 164 
well suited to the system in Phoenix Park (Gammell et al. 2003). 165 
 166 
Statistical Analyses 167 
In order to determine whether there was a change in antler size and symmetry between field 168 
seasons we used a repeated measures GLM in SPSS (version 23). There were 20 pairs of antlers 169 
available for this analysis; however, damage to some of the structures meant that not all 20 170 
replicates could be used. We then investigated whether there was a meaningful association between 171 
lateralisation during lateral display and antler structure. There was a sample size of 37 males where 172 
a lateralisation score and antler measurements were available; six males were present in the sample 173 
in both years (N = 32 individuals). We initially analysed the four measurements of antler size and 174 
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symmetry independently in order to determine which (if any) individual measurement was 175 
associated with lateralisation. We computed a composite measure for the right antler size, the larger 176 
antler size, and antler symmetry by summing the individual measurements of the three antler 177 
variables following Yeo et al. (1997), and ran a model that included each of the three composite 178 
measures in order to determine which structural variable was best associated with lateralisation.  179 
 The analyses were conducted with multiple regression models using Bayesian methods 180 
with Markov Chain Monte Carle (MCMC) sampling. We controlled for any effects of individual by 181 
incorporating identity into the model as a random effect; moreover, because age and dominance 182 
rank can be related to antler structure we included these variables both as main effects and as 183 
interaction terms with identity (Jennings & Gammell 2013). Prior to analysis we log transformed the 184 
individual antler measurements in order to improve the distribution of the data where necessary, 185 
and then standardised all the model parameters including age and dominance rank (Kruschke 2015, 186 
see also Yeo et al. 1997).  187 
 We sampled the posterior distribution of each models’ parameters using the freely 188 
available JAGS software (version 4.2, Plummer 2003) controlled from within the RunJags package 189 
(version 2.0.4-2, Denwood 2015) in R (version 3.3.1). The models were run with an adaptive phase 190 
(including burnin) of 11,000 iterations across three independent chains running in parallel that used 191 
dispersed initial values. Following the model setup, a posterior phase consisting of 100,000 iterations 192 
was sampled by taking every 40th iterate in order to reduce autocorrelation. We tested convergence 193 
in the model chains using the Gelman-Rubn statistic (Gelman & Rubin 1992) – a convergence level of 194 
<1.1 for each parameter in the model indicated that the adaptive phase of the model was sufficient 195 
(Kruschke 2015). The model parameters were given a weakly informative prior with a half-t model in 196 
order to reduce influence on the posterior distribution (Gelman et al. 2008). Inferences regarding 197 
the importance of each model parameter were made based on the posterior mean and 95% credible 198 
confidence intervals. We estimated the proportion of each parameters posterior distribution that 199 
crossed zero; if less/more than 5% crossed zero (i.e. <5% or >95%) we considered that the parameter 200 
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was meaningfully (positively or negatively) associated with individual lateralisation. Where a 201 
parameter’s posterior mean was below 0.02 we considered there to be no biologically meaningful 202 
effect regardless of the distribution of the posterior chain (Jennings et al. 2016).   203 
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Results 204 
 205 
A repeated measures GLM compared the four antler measurements based on side (left/right) and 206 
year. Coronet circumference was significantly larger for the right antler (Mean  SE: Right = 188.55  207 
2.1; Left = 186.47  1.95); none of the other measurements showed a significant main effect of side 208 
(see Table 1). Two of the four measurements showed that as the males aged there was a significant 209 
increase in antler size (Beam circumference:  Mean  SE = 105.72  1.9; 111.22  1.7; Coronet 210 
circumference: Mean  SE = 184.18  2.3; 190.84  1.8 for years 1 and 2 respectively). There was no 211 
interaction between antler side and year. 212 
 213 
Table 1 about here 214 
 215 
A comparison of the level of symmetry displayed by the antler measurements showed that there 216 
was no difference across years (Table 2); therefore, antlers retained similar levels of symmetry 217 
despite showing a significant increase in size over casting seasons.   218 
 219 
Table 2 about here 220 
 221 
Lateralisation and antler structure 222 
The size of the right antler. In general, the posterior distributions of the parameters were weakly 223 
correlated (largest r = -.42 between beam circumference and coronet circumference). An 224 
examination of the distribution of the posterior chains for the four measurements indicated that 225 
greater than 5% of posterior chain crossed zero in three parameters (Brow tine length = 64.7 %, 226 
Beam circumference = 24.3 %, Coronet circumference = 24.9 %); however, the measurement for 227 
beam length indicated a meaningful negative association with lateralisation (97.3 % of the chain 228 
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crossed zero, see Figure 2). There was no meaningful association between age (34.3 %) and 229 
dominance rank (65.2 %). 230 
 231 
Figure 2 about here 232 
 233 
The larger of the two antlers. Examination of the correlation between the posterior chains indicated 234 
that they were weak (largest r = -.47 between beam circumference and coronet circumference). An 235 
inspection of the posterior chains revealed that only beam length was meaningfully associated with 236 
antler length (95.5 % of the posterior chain crossed zero, see Figure 3); the remaining parameters 237 
did not show a meaningful relationship with lateralisation (Brow tine length = 16.2 %; Beam 238 
circumference = 21.3 %; Coronet circumference = 48.1 %). Moreover, there was no association 239 
between age (40 %) or dominance rank (53.1 %) and lateralisation. 240 
 241 
Figure 3 about here 242 
 243 
Antler symmetry. The relationship between the posterior chains of the covariates was in general 244 
weak (largest r = -.32 between coronet circumference and dominance rank). Investigation of the 245 
association between the parameters revealed that three of the four antler parameters posterior 246 
distributions crossed zero by more than five percent (Brow tine length = 22.2 %; beam 247 
circumference =  70 %; Coronet circumference = 75.1 %). However, the measurement for beam 248 
length indicated that there was a meaningful negative association between asymmetry and 249 
lateralisation (99.03 % of the posterior distribution was negative, see Figure 4). The regressors for 250 
individual age (36.76 %) and dominance rank (46.8 %) were not meaningful.  251 
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 252 
Figure 4 about here 253 
 254 
Composite measures of size and symmetry 255 
We ran an initial model containing the compound scores for the three covariates for the right antler, 256 
the largest antler and symmetry; however, an examination of the posterior chains revealed a very 257 
strong correlation between the compound scores for the right antler and the largest antler (r = -.80) 258 
suggesting redundancy in these two parameters. Therefore, we removed the covariate for antler size 259 
from the model because the association between antler beam length and lateralisation showed the 260 
weakest association, and re-ran the analysis1 (Figure 5). The reduced model showed that the 261 
posterior chains of the remaining four model covariates were weakly correlated (largest r = -.34 262 
between the right antler and age); moreover, there was a meaningful association between antler 263 
symmetry and lateralisation – 98.8 % of the posterior chain crossed zero indicating a strong negative 264 
effect (see Figure 5). The covariate for the right antler displayed a weaker association with 265 
lateralisation: 90.8 % of the posterior chain crossed zero.  The covariates for both age (12.3 %) and 266 
dominance rank (60%) were not meaningfully associated with lateralisation.  267 
 268 
Figure 5 about here  269 
                                                          
1 A second composite model addressing the role of the larger antler (omitting the composite covariate for the 
right antler) and antler symmetry in relation to lateralisation revealed a similar pattern of findings. Therefore, 
we have omitted reporting this model in further detail.  
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Discussion 270 
The present study investigated two hypotheses concerning the relationship between behavioural 271 
lateralisation and antler size and symmetry. The first hypothesis stated that antlers function as 272 
badges of quality (Berglund et al. 1996); therefore, a lateralised bias at the individual level during 273 
lateral display might represent a preference for the use of the larger structure in display and during 274 
combat (Alvarez 1995; Jennings & Gammell 2013). Secondly, we tested the hypothesis that 275 
individual variation in lateralisation during lateral display and antler fluctuating asymmetry are 276 
measures of developmental instability (Yeo et al. 1997).  277 
A general issue in the study of animal aggression is the attempt to gain an understanding of 278 
the interaction between weapons borne by individuals, and the fitness benefits that accrue from 279 
their use in intraspecific contests (e.g. Clutton-Brock 1982; Parker 1983). In this respect, individuals 280 
that possess larger weapons often tend to be more successful in competitive encounters (e.g. 281 
Sneddon et al. 1997; Hoem et al. 2007; Rudin & Briffa 2011; Umbers et al. 2012). Moreover, the 282 
experimental removal of these structures leads to a rapid decline in fighting ability and dominance 283 
rank (Lincoln 1972; Clutton-Brock et al. 1982). We show that antler size increased with age for three 284 
of the four measurements taken, and that a single measurement indicated that the right antler was 285 
larger than the left. Critically, there was no interaction between antler size and year suggesting that 286 
growth was uniform. There is some evidence for lateralised use of antlers during contests; for 287 
example, there is a directional bias and that the larger structure is favoured during combat (Alvarez 288 
1995; Pélabon & Joly 2000; Jennings & Gammell 2013). In theoretical terms, it has been shown that 289 
populations showing left or right lateralisation can be stable (e.g. Ghirlanda et al. 2009). Therefore, 290 
we examined the possibility that there may be an association between antler size and behavioural 291 
lateralisation during lateral display. Our results were consistent: there was a negative association 292 
between antler beam length irrespective of whether we investigated the right or larger structure, 293 
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and lateralisation. Therefore, as beam length increased there was a decrease in lateralised behaviour 294 
during parallel walks.  295 
We also tested the hypothesis that behavioural lateralisation and fluctuating asymmetry are 296 
correlated forms of developmental instability. Antler symmetry is considered to be a genetic or 297 
environmental representation of an individual’s ability to withstand stress, and may thus be a 298 
reliable indicator of individual quality (Leary & Allendorf, 1989; Møller & Pomiankowski, 1993; 299 
Clarke, 1993). In this latter respect the evidence is mixed, some studies have found a relationship 300 
between asymmetry and measures of individual quality whilst others have not (e.g. Malyon & Healy, 301 
1994; Putman et al., 2000; Mateos et al., 2007 but see Pelabon & Joly, 2000; Kruuk et al., 2003). We 302 
show that FA did not differ between years suggesting environmental conditions and individual 303 
quality - assuming they are related to symmetry - were relatively uniform during antler growth. We 304 
make no claim here as to whether genetic or environmental influences are responsible for the 305 
individual expression of lateralisation or FA in this population; however, our results show that 306 
asymmetry in beam length was negatively associated with behavioural lateralisation. Thus, as 307 
individual males showed an increasing bias towards lateralisation during lateral display, their antlers 308 
also showed greater symmetry.   309 
Taken together, our analysis of different measurements failed to distinguish between the 310 
three measures of antler size and symmetry for beam length. Therefore, using individual measures 311 
of antler structure to distinguish between the two alternative hypotheses was not successful. In an 312 
attempt to disentangle the issue, we collapsed the four individual antler measurements into a single 313 
regressor (see Yeo et al. 1997); consequently, the right antler, the larger antler and asymmetry 314 
measurements were entered into a single model. But although we found it necessary to selectively 315 
remove antler size due to concerns over redundancy in the model, our results were unambiguous: 316 
there was sufficient evidence to conclude that antler symmetry is associated with behavioural 317 
lateralisation. Thus, we find some support for the DI hypothesis forwarded by Yeo et al. (1997). 318 
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However, an alternative explanation of our findings is possible. Lateralised eye-use during 319 
lateral display is expected to be beneficial during escalated contests (e.g. Arnott et al. 2011); there is 320 
an association between individual lateralisation during lateral display and suffering an attack 321 
following intervention of an ongoing fight (Jennings et al. 2014). This highlights a more general issue 322 
in the ecology of deer; specifically, that individuals that show lateralised eye-use may also avoid 323 
being attacked – a not insignificant ability for prey species (see also Lippolis et al. 2002). This is in 324 
general agreement with studies on other species where It has been shown lateralised individuals are 325 
better at detecting danger whilst engaged in other tasks (e.g. feeding) than non-lateralised 326 
individuals (e.g. Rogers et al. 2004; Dadda & Bisazza 2006). Therefore, deer that show behavioural 327 
lateralisation may also suffer less stress; consequently, they also show a reduction in the level of FA 328 
expressed (e.g. Clarke 1993; Moller & Swaddle 1997; Putman & Sullivan 2000). We note, however, 329 
that in order to test this hypothesis, an experimental approach, beyond the scope of the 330 
observational field approach taken here, is needed.   331 
In conclusion, we have investigated the relationship between behavioural lateralisation 332 
during fallow deer parallel walks and antler size and symmetry.  A body of evidence supports the 333 
idea that antler size is an important correlate of success in ungulate contests (Jennings & Gammell 334 
2013), and critically, that use of the more developed right antler is preferred during fights (Alvarez 335 
1995). However, we failed to show that lateralisation during lateral display was positively associated 336 
with either the size of the right antler or the size (right or left) of the larger antler when antler 337 
symmetry was included in the model.  Nevertheless, we have shown that FA is negatively associated 338 
with behavioural lateralisation. But although the evidence tends to support the general argument 339 
that lateralisation is a form of developmental instability, we suggest that there are other plausible 340 
explanations for this finding, and will need to be appropriately tested.     341 
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List of tables 516 
 517 
Table 1. A comparison of four different measurements between pairs of antlers over two field 518 
seasons. 519 
Measurement (mm) df Side Year Side * Year 
Brow tine length 1,19 F = 0.00, p = .99 F = 2.48, p = .1 F = 0.01, p = .98 
Beam length 1,16 F = 0.33, p = .6 F = 3.20, p = .09 F = 1.27, p = .3 
Beam circumference 1,15 F = 1.24, p = .3 F = 31.16, p < .001 F = 0.02, p = .9 
Coronet circumference 1,18 F = 7.69, p = .01 F = 37.52, p < .001 F = 0.23, p = .6 
 520 
 521 
 522 
Table 2. A comparison of antler symmetry across two field seasons. 523 
Measurement Mean difference  SE df t, p 
Brow tine length -0.009  0.02 19  t = -0.60, p = .6 
Beam length -0.007  0.01 16 t = -0.63, p = .5 
Beam circumference 0.011  0.03 15 t = 1.53, p = .2 
Coronet circumference 0.005  0.02 18 t = 1.24, p = .2 
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List of Figures 525 
 526 
Figure 1. Diagram of an antler with four measurements marked (BL = beam length; BC = beam 527 
circumference; BTL = brow tine length; CC = coronet circumference: the circumference of the 528 
outermost edge of the coronet). 529 
 530 
Figure 2. Summary of the parameter posterior distributions indicating the relationship between 531 
lateralisation and the regressors (four measurements of antler size for the right antler, age and 532 
dominance rank). For each parameter, the mean is denoted by the black square and the 95% 533 
credible intervals by the thin line.  534 
 535 
Figure 3. Summary of the parameter posterior distributions indicating the relationship between 536 
lateralisation and the regressors (four measurements of antler size for the larger antler, age and 537 
dominance rank). For each parameter, the mean is denoted by the black square and the 95% 538 
credible intervals by the thin line.  539 
 540 
Figure 4. Summary of the parameter posterior distributions indicating the relationship between 541 
lateralisation and the regressors (four measurements of antler size for antler symmetry, age and 542 
dominance rank). For each parameter, the mean is denoted by the black square and the 95% 543 
credible intervals by the thin line.  544 
 545 
Figure 5. Summary of the parameter posterior distributions indicating the relationship between 546 
lateralisation and the regressors (for composite measures of asymmetry and right antler size, age 547 
and dominance rank). For each parameter, the mean is denoted by the black square and the 95% 548 
credible intervals by the thin line.  549 
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